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Summary

Relatively higher infusion rate in the intra-ar-
terial chemotherapy (IA chemotherapy) could
induce the higher concentration and the more
sufficient distribution of chemotherapeutic
agents on tumors. To get the relatively higher in-
fusion rate in IA chemotherapy, we used three
types of injection method: high-flow injection,
high-dose injection with detoxification and flow-
controlled injection method for the treatment of
malignant brain tumors, skull base tumors and
head and neck tumors.

Between January 1997 and October 2001,
twenty-seven patients (mean age 61 y.o.) with
supratentorial glioblastoma (4 cases), supraten-
torial anaplastic astrocytoma (1), CNS lym-
phoma (2), matastatic skull base tumors (3), and
neck tumors (15 squamous cell carcinoma, 1
malignant melanoma and 1 neuroblastoma) re-
ceived our three types of IA chemotherapy. Six-
ty-five consecutive procedures were performed.
Conventional radiation therapy and/or surgical
removal were performed in some of these pa-
tients. The median follow-up period was 10
months ranging 2 to 56 months.

Fifteen (55.6%) and 6 (22.2%) of 27 patients
achieved complete response (CR) and partial re-
sponse (PR) respectively after initial treatment
[CR+PR: 21 (77.8%)]. All responded patients

showed clinical improvement. The response rate
declined to 55.6% at the end of follow-up peri-
od. Eighteen patients are still alive and 15 of
them show no evidence of local recurrence. The
median post treatment survival was 12 months.
There was no serious complication except tran-
sient nausea in 4 of 27 (14%) patients, vertigo
and granulocytopenia in 1 each (3%) of 27 pa-
tients.

Our modified IA chemotherapy has provided
favorable clinical and radiological results with-
out technical difficulties and serious complica-
tions.

Introduction

A wide variety of modalities, surgery, radia-
tion therapy and chemotherapy, have been
used for the treatment of malignant tumors of
head and neck regions including brain tumors.
Chemotherapy has recently begun to play an
important role in the treatment of these le-
sions.  Intra-arterial = administration  of
chemotherapeutic agents is one of the attrac-
tive methods to increase the drug delivery and
also to decrease potentially systemic toxicities®.
However the previous reports of intra-arterial
chemotherapy (IA chemotherapy) have not
necessarily produced satisfactory clinical re-
sults®?. Several investigators have recently con-
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templated some clinical trials of IA chemother-
apy to improve the effectiveness and to reduce
the adverse effects. Takeda et Al" reported that
higher infusion rate could have an effect not
only on the streaming phenomenon which re-
sults in the brain toxicities, but also on the in-
crease in the concentration and the sufficient
distribution of a drug in tumors. Under these
experimental data we used three types of mod-
ified injection method: high-flow injection
(HFT), high-dose injection with detoxification
(HDI) and flow-controlled injection (FCI)
method.

In this study the initial and follow-up clinical
results of our modified three types of IA
chemotherapy were examined in 27 patients
with malignant tumors of head and neck region
including brain tumors.

Table 1 Histological classification

/Intracranial Glioblastoma 4\
Malignant glioma il
CNS-malignant lymphoma | 2
Extracranial | Squamous cell carcinoma | 15
Neuroblastoma 1
Malignant melanoma 1
Skull tumor | Metastatic tumor 3

Total | 27
L P

Table 2 Initial and final response of all cases (n = 27)

/ Initial Final \
response response

Complete response : 15 | 11
Partial response 6 4
Stable Disease il 0
Progressive Disease 3 3
Death 0 9

\CR+PR 21 (77.8%) | 15 (55.6%/)

Patients and Methods

Between January 1997 and October 2001,
twenty-seven patients [9 women, 18 men, mean
age 61 (15-81) y.o.] with supratentorial glioblas-
toma (4 cases), supratentorial anaplastic astro-
cytoma (1), CNS lymphoma (2), matastatic
skull base tumors (3), and neck tumors (15
squamous cell carcinoma, 1 malignant
melanoma and 1 neuroblastoma) received our
three types of injection method of IA
chemotherapy (table 1). Sixty-five consecutive
procedures were performed. Nine of 27 pa-
tients had experienced recurrence.

We used three types of modified IA
chemotherapy: high-flow injection (HFT), high-
dose injection with detoxification (HDI), and
flow-controlled injection (FCI) method as an
IA chemotherapy. Injection method in each pa-
tient was selected depend on the location of tu-
mors, histological diagnosis and angiographical
feeding patterns.

High-flow injection (HFT) was indicated in 7
patients with intra-cranial malignant tumor. Se-
lective intra-carotid cannulation was per-
formed via the femoral artery. The tip of a mi-
crocatheter was placed at the supraophthalmic
portion of internal carotid artery. Nimustine
hydrochloride (ACNU) at a dose of 50-100 mg
[Ranimustine (MCNU) 25-80 mg/m?] diluted to
the concentration of 50 mg/20 ml normal saline
was prepared. After test injection the
chemotherapeutic agent was injected at the
flow rate of 20-30 ml/min by a pressure injec-
tor. HFI was repeated 2-6 times as maintenance
therapy in 6 of 7 patients. Another patient un-
derwent the procedure only once.

High-dose injection with detoxification
(HDI) was indicated in 16 patients with extra-
cranial tumor of oro-rhino-pharyngeal region.
Selective external carotid artery cannulation
was performed by transfemoral approach. The
tip of a microcatheter was advanced into the
external carotid branch regarded as proper
feeding artery. CDDP (solution of 0.5 mg/ml)
at a dose of 75-200 mg/m?* was administered by
an infusion pump. To reduce the systemic ad-
verse effect of the chemotherapeutic agent,
sodium thiosulfate (STS) at a dose of 100 mg
per 1 mg-CDDP was administered into ipsilat-
eral anominate vein through another catheter
cannulated via the femoral vein. The rate of in-
fusion was 10 ml/min through the feeding
artery and 5 ml/min through the anominate
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Figure 1 Case 1: High-
flow injection. A 47
year-old man with
right frontal glioblas-
toma. A) Preoperative
T1-weighted Gd-en-
hanced image demon-
strating a large en-
hanced mass in right
frontal lobe. B) Fol-
low-up MR images
obtained one year af-
ter the initial treat-
ment  (surgical re-
moval and conven-
tional radiation thera-
py). No evidence of tu-
mor was shown. C)
MR images revealing
recurrence of tumor
obtained 33 months
after the initial treat-
ment. D) MR images
revealing markedly re-
ducing enhanced le-
sion and perifocal ede-
ma in the bilateral
frontal lobes 6 months
after the first high-
flow intra-arterial in-
jection of ACNU.
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vein. HDI was repeated 2-3 times as intensive
preoperative chemotherapy concomitant with
local radiation therapy in 12 of 16 patients. The
other 4 patients underwent HDI 1-6 times as
remission-induction or palliative chemotherapy
after recurrence.

Flow-controlled injection (FCI) was indicat-
ed in 1 patient with maxillary squamous cell
carcinoma and 3 patients with metastatic skull
base tumor that were surgically unresectable. A
balloon catheter with double or triple lumen
was placed into the external or internal carotid
artery via the femoral artery. After inflating the
balloon proximal to the tip of -catheter,
chemotherapeutic agents were injected. Tu-
mors located in the skull base were usually sup-
plied with multiple arteries such as the external
carotid and internal carotid arteries and/or ver-
tebral systems. Accordingly tip of the balloon
catheter was placed at the main trunk portion
proximal to its branching. CDDP (0.25 mg/ml)
at a dose of 60-120 mg/m? was administered un-
der flow controlled condition by inflating the
balloon. The chemotherapeutic agent was in-
jected at the rate of 200 ml/hour using an infu-
sion pump. FCI was performed 1-4 times as a
remission-induction-chemotherapy in all 4 pa-
tients.

Twenty-one patients underwent convention-
al radiation therapy either before beginning of
the IA chemotherapy or concomitantly with
the IA chemotherapy. Ten patients underwent
surgical removal either before or after the IA
chemotherapy. One patient with metastatic
skull tumor had received systemic chemothera-
py prior to referral to our department.

Initial and follow-up evaluation was based
on neurological examination and computed to-
mography scans and/or magnetic resonance
imagings in patients with brain and skull base
tumor, and it was based on endoscopical obser-
vation addition to radiological examination in
patients with extra-cranial tumor of oro- rhino-
pharyngeal region.

A complete response (CR) was defined if
there was no tumor recurrence. Partial re-
sponse (PR) was a reduction greater than or
equal to 50% in tumor volume. Stable disease
(SD) was an increase of less than 25%, or a re-
duction of less than 50% in tumor volume. Pro-
gressive disease (PD) was an increase of
greater than 25% in tumor volume compared
with baseline volume. The median follow-up

period was 10 months ranging 2 to 56 months.

A statistical analysis of the results was not
applicable due to the variety of the disease con-
cerning the histological diagnosis, tumor loca-
tion as well as the small number of patients.

Toxicity of chemotherapeutic agents was
graded according to National Cancer Institute
common toxicity criteria (NCI-CTC).

Results

Initial and final response to IA chemothera-
py of all patients is shown in table 2. Fifteen
complete responses (55.6%) and 6 partial re-
sponses (22.2%), for a total of 21 responses
(77.8%) were observed after initial TA treat-
ment. All 21 patients showed clinical improve-
ment.

The response rate declined to 55.6% at the
end of follow-up period. Three patients had
progressive disease and nine patients died. The
causes of death included local recurrence in
eight and aggravation of primary lesion in 1 pa-
tient. The other 18 patients are still alive and 15
of them show no evidence of local recurrence.
Six patients showed recurrence during follow-
up period. The mean duration to recurrence of
these 6 patients was 14.8 months. The median
post treatment survival was 12 months.

Table 3 shows the details of 7 patients with
brain tumors treated by HFI method. Two of 7
patients were recurrent case. In this group, 5
(71%) patients achieved CR and 1 (14%)
achieved PR after initial treatment (CR+PR:
85%). Four (57%) patients in this group are
still alive. Illustrative case treated by HFI
method is shown in figure 1 and 2.

Table 4 shows the details of 16 patients with
head and neck tumors treated by HDI method.
The lesion of 7 patients was recurrence after
previous treatment. In this group, 7 (44%) pa-
tients achieved CR and 5 (31%) achieved PR
(CR+PR: 75%) after initial treatment. Eleven
(69%) of 16 patients are still alive. Figure 3
shows illustrative case treated by HDI method.

Table 5 shows the details of 4 patients treat-
ed by FCI method. In this group, 3 (75%) pa-
tients achieved CR and all of them are still
alive. Figure 4 and 5 show illustrative case
treated by FCI method.

There was no serious complication associat-
ed with the angiographical procedures and no
failure to cannulate into target vessels. Toxici-
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Table 3 Patients treated by high-flow injection method (n = 7)

\

STR: subtotal removal, RT: radiation therapy, DR: duration to recurrence, NR: no recurrence.

/ Case Histology | Adjuvant Agent Session | Initial Response | DR(M) |Survival (I\R
1) 47M GB* STR,RT | ACNU, MCNU 6 CR 20 56
2) 56 M ML STR, RT MCNU 3 CR 32 36
3) 70M MG 3 STR, RT ACNU Z CR NR 50, alive
4) S0F GB* STR, RT ACNU 3 PR i 18
5) 76 M GB Biopsy, RT ACNU 1 PD - 7, alive
6) 77F GB STR, RT ACNU 2 CR NR 10, alive
7) 67F ML STR.RT,SC ACNU 2 CR NR 2, alive
GB: glioblastoma, *: recurrence, M L: malignant lymphoma, MG3: malignant astrocytoma grade 3,

4

Table 4 Patients treated by high-dose injection method (n = 16)

<

SCTx: systemic chemotherapy, DR: duration to recurrence, NR: no recurrence.

/ Case Histology Adjuvant Agent | Session | Initial Response | DR(M) | Survival (®
1) 48 M | maxilla SCC* STR, RT CDDP 2 PD - 6
23ISR tongue SCC RT,TR CDDP 3 CR NR 15, alive
3) 54M epipha.SCC biopsy, RT CDDP 2 CR NR 26, alive
4) 71F maxilla SCC RT.,TR CDDP 2 CR NR 12, alive
5) 73M | midpha.SCC* RT CDDP 2 PD - 15
6) 55M oral SCC* TR,RT CDDP 6 PR 12 12, alive
7) 72M | midpha.SCC RT CPDP |2 CR 12 12, alive
8) 81F olf NB* RT, EMB CDDP 1 PR 5 6
9) 65M epipha.SCC RT,TR CDDP 2 CR 8 8, alive
10) 67F | tongue SCC RT CDDP | 1 PD : 5
11) 49 M | oral mal.mela.* SCTx CDDP 3 PR NR 6, alive
12) 58 M | epipha.SCC* RT,PR CDDP 1 PD 2 5
13) 53 M epipha.SCC Biopsy, RT CDDP 1 CR NR 5, alive
14) 73 M | midpha.SCC* RT.PR CDDP 3 PR NR 1, alive
15) 15 M epipha.SCC RT CDDP 3 PR NR 1, alive
16) 72 F tongue SCC RT,TR CDDP 2 CR NR 2, alive

SCC: squamous cell carcinoma, *: recurrence, STR: subtotal removal, RT: radiation therapy, EMB: embolization

4
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ties included transient nausea in 4 (14%) pa-
tients and vertigo in 1 (3%) that resolved in a
few day with the use of 5-HT3 antagonist and
drip infusion. One patient needed administra-
tion of G-CSF because of severe granulocy-
topenia that returned to baseline within 2
weeks (NCI-CTC grade 2). No neurological
toxicity such as seizure, blurred vision and con-
fusion was observed.

Discussion

There have been multiple modalities includ-
ing surgical removal, radiation therapy and
chemotherapy, alone or in combination, for the
treatment of malignant tumors of brain, head
and neck region. Although the standard
method of treatment has been a combination
of surgery and irradiation, chemotherapy has
recently begun to play an important role in im-
provement of treatment outcome "**"*""*, Many
investigators have demonstrated the efficacy
and the complication of intra-arterial or intra-
venous chemotherapy for these lesions. Intra-
arterial administration of chemotherapeutic
agents is thought to have pharmacokinetic ad-
vantages which may potentially increase tumor
uptake during the first passage of the drug and
decrease systemic toxicities. And then it is
thought to be able to improve the efficacy and
patient survival compared with intravenous ad-
ministration. Experimental studies have shown
that intra-arterial administration could deliver
high intra-tumoral concentration of drugs, re-
duction in tumor size and improve survival of
experimental animals®. Despite the theoretical
advantages and the experimental results, previ-
ous clinical reports of IA chemotherapy have
not necessarily been satisfactory °. Especially
according to the cooperative study in 1992 by

Shapiro et A1*, IA chemotherapy was reported
to be not only less effective but also more neu-
rotoxic than intra-venous chemotherapy. One
of the reasons for these unsatisfactory clinical
results after IA chemotherapy may be the het-
erogeneous and non-uniform delivery of drugs
into tumors due to streaming phenomenon af-
ter slow infusion rate **. According to our da-
ta, 4 ml/min (Shapiro et Al*) and 30 ml/15-20
min (Kochi et Al°) were too slow to get the suf-
ficient distribution of chemotherapeutic agents
in the tumors. Other reasons may be the limita-
tion of drug delivery due to restricted blood-
brain barrier permeability and the lack of good
chemotherapeutic agents especially in case of
malignant brain tumors. Several clinical trials
of TA chemotherapy have been performed to
resolve above problems.

Saris et Al* recommended the diastole-
phased pulsatile infusion to assure uniform
drug delivery and to reduce neurotoxicities.
Aoki et Al! concluded that fast pulsatile infu-
sion was superior to slow continuous infusion.
Morikawa et Al' and Doolittle et Al® reported
the effectiveness of combination IA
chemotherapy with blood-brain barrier (BBB)
disruption for the treatment of malignant brain
tumors. Gobin et Al° described that spatial
dose fractionation according to arterial territo-
ry and pulsatile delivery were important to
avoid neurotoxic complication during IA
chemotherapy. Madajewicz et A1*° demonstrat-
ed the effectiveness of combination IA
chemotherapy prior to radiation therapy.

To improve the clinical outcome of patients
with malignant tumors of the brain, head and
neck region after IA chemotherapy, we used
three types of modified IA injection: high-flow
injection (HFI), high-dose injection with detox-
ification (HDI), and flow-controlled injection

Table 5 Patients treated by flow-controlled injection method (n = 4)

L

BC: breast cancer, SCTx: systemic chemotherapy, RT: radiation therapy,DR: duration to recurrence, NR: no recurrence

/ Case Histology | Adjuvant Agent | Session | Initial Response | DR(M) | Survival (M}
1) 61 M | SBM(HCC) | Removal CDDP 4 CR NR 30, alive
2) 71 M | SBM(PDA) SCTx CDDP ik NC - 5
3) 53 M | maxilla SCC | biopsy, RT CDDP 2 CR NR 12, alive
4) 50F | SBM(BC) RT CDDP 1 CR NR 24, alive
SBG: skull base metastasis, HCC: hepatocellular carcinoma, PDA: poorly differentiated adenocarcinoma

4
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Figure 2 Case 1: High-
flow injection. Internal
carotid angiogram during
three different flow rate
injection of  contrast
medium. Cerebral arter-
ies during low flow rate
injection were not filled
fully by contrast medium
because of streaming
phenomenon. A) low
flow rate (10ml/min), B)
medium flow rate
(20ml/min), C) high flow
rate (30ml/min).
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Figure 3 Case 2: High-dose injection with detoxification. A 73 year-old woman with squamous cell carcinoma of maxillary si-
nus. A) External carotid angiogram revealing hypervascular mass in maxillary sinus fed mainly by internal maxillary artery.
B) Selective internal maxillary arteriogram just before high-dose CDDP injection. C) Venogram showing another catheter

the chemotherapeutic agent.

(FCI) method, based on the experimental evi-
dence " and/or previous reports 4!,

High-flow injection method was contrived
by Takeda et Al based on their experiments
about the relationship between drug delivery
and the various (high, medium and low) intra-
arterial infusion rate using [3H] SarCNU-au-
toradiography in C6 rat brain tumor model.
They suggested that higher infusion rate could
have an effect not only on the reduction of
streaming phenomenon which results in the
brain toxicities, but also on the increase in the
concentration and the sufficient distribution of
a drug in tumors. As a result of application
these findings to human brain, the blood veloc-
ity of high infusion rate was regarded to corre-
spond to about 20 ml/min in adult carotid
artery. Actually we confirm the elimination of
streaming and ideal distribution of contrast
media by performing digital subtraction an-
giography with the injection rate of 0.17, 0.33,
0.50 ml/sec (10, 20,30 ml/min) prior to adminis-
tration of chemotherapeutic agent. It is impor-
tant to take care not to move the microcatheter
tip during pressure injection. This flow rate is
higher than that of any previous publications,
most of those injection flow rate was under 4-5
ml/min. This high flow rate serves the optimal
intra-tumoral concentration, homogeneous dis-
tribution of the chemotherapeutic agent and
low incidence of neurotoxicities by avoiding
streaming phenomenon.

placed into anominate vein via femoral vein. Sodium thiosulfate (STS) was administered to reduce systemic adverse effect of

High-dose injection method has been re-
ported in the treatment of oro-rhino-pharyn-
geal region tumors ®", uterine carcinoma ’,
bladder carcinoma, gastro-intestinal carcinoma
and malignant tumors of orthopedic territory.
Also in these extra-cranial tumors, non-uni-
form distribution of chemotherapeutic agents
during intra-arterial administration has been
pointed out. The blood flow in an adult human
common carotid and internal carotid artery is
400-500 and 270-350 ml/min, respectively. Then
the blood flow in an adult human external
carotid artery is calculated 130-150 ml/min. The
flow rate we used in HFI method, 20 ml/min in-
to internal carotid artery, would correspond to
about 10 ml/min into external carotid artery.
And this velocity used in HDI method was pre-
sumably effective on homogeneous distribu-
tion of chemotherapeutic agent in tumor by re-
ducing streaming. We used HDI as an adjuvant
therapy for malignant tumors of oro-rhino-
pharingeal region. The patients received intra-
arterial CDDP as high dose as 75-200 mg/m?,
from external carotid artery branches, increas-
ing or decreasing according to age, renal func-
tion and other parameters of each patient.
Neurotoxicity due to chemotherapeutic agents
seemed relatively unproblematic in compari-
son with cases of brain tumors. To reduce sys-
temic  toxicities caused by high-dose
chemotherapeutic agents, sodium thiosulfate
(STS) as detoxification agent against CDDP at
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Figure 4 Case 3: Flow-controlled injection. A 61 year-old man with skull base metastasis from hepatocellular carcinoma. A)
Initial contrast enhanced CT scans demonstrating enhanced mass lesions involving sphenoid sinus and left temporal bone

with bone destruction. B) Contrast enhanced CT scans obtained 1 year after 4 sessions of flow controlled injection of CDDP.
No evidence of residual tumor was shown.

a dose of 100 mg per 1mg-CDDP was adminis-
tered into ipsilateral draining venous system.
The combination of detoxification is particu-
larly useful because it enables repeated 1A
chemotherapy in terms as short as two or three
times a month.

There are few previous reports concerning
the flow-controlled intra-arterial injection of
chemotherapeutic agents. Sawada et Al '
demonstrated that balloon occluded arterial in-
fusion therapy was effective for the treatment
of progressive uterine cervical carcinoma by in-
creasing intratumoral concentration of the
drugs. We tried FCI for 3 patients with skull
base metastasis and 1 maxillary sinus cancer. In
FCI method, the tip of balloon catheter was
placed at the main trunk portion proximal to
branching. Chemotherapeutic agent was ad-
ministered under flow-controlled condition by
inflating the balloon. Usually in case of skull
base tumor, the feeding pattern is complimen-
tary from the external and internal carotid ar-
teries and/or vertebral systems. If tumor was
supplied with 1 or 2 proper feeders, HDI was

indicated. And if tumor was supplied with mul-
tiple feeders from the external and internal
carotid arteries and/or vertebral systems, FCI
was also indicated. Flow-controlled injection
method is based largely on the same theory
governing high-flow injection. By reducing the
blood flow to tumor after the inflation of bal-
loon proximal to the tumor, the rate of infusion
becomes relatively high and streaming phe-
nomenon is consequently reduced, which caus-
es sufficient distribution of a drug in the tu-
mors.

Initial IA chemotherapy trial* resulted in un-
acceptable toxicities. Recently Gelman et Al°
reported IA chemotherapy-related complica-
tions in their series of 48 patients: groin
haematoma (2.6%), carotid arterial dissection
(0.5%), transient neurological event (1.8%)
and transient seizure (1.5%). They concluded
IA chemotherapy is a safe procedure with low
complication rate. In our series there was no se-
rious complication associated with the angio-
graphical procedures and no failure to cannu-
late target vessels.
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Gentle maneuver and administration of va-
sodilator (calcium antagonist) are required not
to injure the feeding arteries. Tfayli et Al"”
evaluated for the toxicities of their 168 patients
and reported that nausea and vomiting were
the most common toxicities (14%), and tran-
sient neurologic toxicities were observed in 22
patients (5.6%). In our series transient nausea
was observed in 4 (14%), vertigo in 1 (3%),
granulocytopenia in 1 (3%) and neurological
toxicities in none patients. We think IA
chemotherapy is a relatively safe treatment
modality.

Of 27 patients who received our modified IA

Figure 5 Case 3: Flow-con-
trolled injection. A) Left exter-
” nal carotid angiograms obtained
before inflating the balloon. B)
Left external carotid an-
giograms during flow-controlled
injection revealing increased
concentration of contrast-en-
hanced material to the tumor.

chemotherapy, 17 patients experienced com-
plete response (55.6%) and 6 patients experi-
enced partial response (22.2%) for a total of 21
patients (77.8%) favorably responded to the
treatment. Considering that all patients in this
series were with high-grade malignant tumor
and 9 patients had experienced recurrend this
clinical results seemed to be enough accept-
able. It is well known that the tumor become
resistant to the chemotherapeutic agent which
used several times.

In estabilishing the most effective treatment
for malignant tumors of the brain, head and
neck region, it is crucial to select the most ap-
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propriate injection method in regard to the tu-
mor’s location, histological diagnosis and an-
giographical feeding pattern. These criteria
should be applied to each patient in order to
provide better clinical results accompanied by
minimal adverse effects.

Conclusions

Twenty-seven patients with malignant tu-
mors of head and neck region including brain
tumors were treated by our modified three

References

1 Aoki S, Terada H et Al: Supraophthalmic chemothera-
py with long tapered catheter: distribution evaluated
with intraarterial and intravenous Tc-99m HMPAO.
Radiology 188 (2): 347-350, 1993.

2 Diaz EMJr, Kies MS: Chemotherapy for skull base
cancers. Otolaryngol Clin North Am 34 (6): 1079-1085,
2001.

3 Doolittle ND, Miner ME et Al: Safety and efficacy of a
multicenter study using intraarterial chemotherapy in
conjunction with osmotic opening of the blood-brain
barrier for the treatment of patients with malignant
brain tumors. Cancer 88 (3): 637-647, 2000.

4 Fine HA, Dear KB et Al: Meta-analysis of radiation
therapy with and without adjuvant chemotherapy for
malignant gliomas in adults. Cancer 71: 2585-2597,
1993.

5 Gelman M, Chakeres D et Al: Brain tumors: complica-
tions of cerebral angiography accompanied by intraar-
terial chemotherapy. Neuroradiology 213: 135-140,
1999.

6 Gobin YP, Cloughesy TF at Al: Intraarterial chemo-
therapy for brain tumors by using a spatial dose frac-
tionation algorithm and pulsatile delivery. Radiology
218 (3):724-732,2001.

7 Hamana S, Motoyama S et Al: Super high-dose intraar-
terial cisplatin infusion under percutaneous pelvic per-
fusion with extracorporeal chemofiltration for ad-
vanced uterine cervical carcinoma. Am J Clin Oncol
24:241-246,2001.

8 Hodozuka A, Sako K et Al: Delivery of a novel ni-
trosourea, MCNU, to the brain tissue in glioma-bearing
rats. Intracarotid versus intravenous infusion. J Neuro-
Onco 15:79-86, 1993.

9 Kochi M, Kitamura I et Al: Randomized comparison of
intra-arterial versus intravenous infusion of ACNU for
newly diagnosed patients with glioblastoma. J Neu-
rooncol 49 (1): 63-70, 2000.

10 Madajewicz S, Chowhan N et Al: Therapy for patients
with high grade astrocytoma using intraarterial
chemotherapy and radiation therapy. Cancer 88 (10):
2350-2356, 2000.

11 Morikawa N, Mori T et Al: Pharmacokinetics of etopo-
side and carboplatin in cerebrospinal fluid and plasma
during hyperosmotic disruption of the blood brain bar-
rier and intraarterial combination chemotherapy. Biol
Pharm Bull 22 (4): 428-431, 1999.

12 Newman LA, Robbins KT et Al: Swallowing and
speech ability after treatment for head and neck cancer
with targeted intraarterial versus intravenous chemo-
radiation. Head and Neck 24 (1): 68-77,2002.

types of intra-arterial chemotherapy; high flow
injection method (HFT), high dose injection
with detoxification method (HDI) and flow
controlled injection method (FCI).

These provided favorable clinical and radio-
logical results (initial and final response rate
was 77.8% and 55.6% respectively) without
technical difficulties and serious complica-
tions.

HFT is recommended for patients with intra-
cranial tumors. HDI or FCI should be selected
for patients with extra-cranial tumors accord-
ing to the angiographical findings.

13

14

15

16

17

18

19

20

21

Nibu Ki K, Sugasawa M et Al: Results of multimodali-
ty therapy for squamous cell carcinoma of maxillary si-
nus. Cancer 94 (5): 1476-1482, 2002.

Robbins KT et Al: Efficacy of targeted supradose cis-
platin and concomitant radiation therapy for advanced
head and neck cancer. Int Radiat Oncol Biol: 38: 263-
271,1997.

Saris SC, Blasberg RG et Al: Intravascular streaming
during carotid artery infusions. J Neurosurg 74: 763-
772,1991.

Sawada T, Maruyama K et Al: Balloon occluded arter-
ial infusion (BOALI) therapy in patients with progres-
sive cervical carcinoma. Nippon Sanka Fujinka Gakkai
Zasshi 41 (3): 293-300, 1989.

Takeda N, Diksic M: Relationship between drug deliv-
ery and the intra-arterial infusion rate of SarCNU in
C6 rat brain tumor model. Journal of Neuro-Oncology
41:235-246, 1999.

Takeda N, Inoue A et Al: High-flow-intraarterial injec-
tion of chemotherapeutic agents in treatment of recur-
rent malignant glioma. Neuro-Oncology 7 (2): 46-51,
1997.

Tfayli A, Hentschel P et Al: Toxicities related to in-
traarterial infusion of cisplatin and etoposide in pa-
tients with brain tumors. J Neurooncol 42 (1): 73-77,
1999.

Galmarini FC, Galmarini CM et Al: Heterogeneous
distribution of tumor blood supply affects the response
to chemotherapy in patients with head and neck can-
cer. Microcirculation 7: 405-410, 2000.

Shapiro WR, Green SB et Al: A randomized compari-
son of intra-arterial versus intravenous BCNU, with or
without intravenous S5-fluorouracil, for newly diag-
nosed patients with malignant glioma. J Neurosurg 76:
772-781,1992.

Takashi Kumagai, M.D.

Department of Neurosurgery
Yamagata Prefectural Central Hospital
Aoyagi 1800

Yamagata, 990-2292

Japan

E-male: tkuma@ypch.gr.jp

123





